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and aging effect, the MDC decreases its efficiency in the first layers up to 35% with respect to the value in 2014. Since BESIII has to take data up to 2022 with the chance to continue up to 2027, the Italian collaboration proposed to replace the inner part of the MDC with three independent layers of Cylindrical triple-GEM (CGEM). The CGEM-IT project will deploy several new features and innovation with respect the other current GEM based detector: the µTPC and analog readout, with time and charge measurements will allow to reach the 130 µm spatial resolution in 1 T magnetic field requested by the BESIII collaboration. In this proceeding, an update of the status of the project will be presented, with a particular focus on the results with planar and cylindrical prototypes with test beams data. These results are beyond the state of the art for GEM technology in magnetic field.
Introduction
GEM technology [2] exploits 50/70 µm holes on a 50 µm kapton foil with 3 µm copper on the faces. An high voltage of hundreds of Volts creates an intense field that can creates an electron avalanche if an electron passes through the hole. The use of three GEM foils allows to achieve a gain of 10 3 -10 4 with a low discharge probability and this assures the electrical stability of the detector [3] . A cathode and a stripped anode ultimate the design. The CGEM detector introduces the challenge to shape a large area triple-GEM. The performance of this detector has to be better than the preexistent one. Moreover it will introduce a series of benefits such as the improvement of the spatial resolution of the coordinate along the beam direction, i.e. an improvement of a factor 2-3 of the vertex resolution for K 0 s and Λ is expected.
Planar GEM Results
A characterization of the triple-GEM with 10×10 cm 2 planar detectors has been performed with a test beam campaign with muon and pion beams in the H4 line at SPS(CERN) [4] . The detector performance strictly depends on the geometrical arrangement, gas mixture and the applied fields. Studies with Argon:CO 2 (70:30) and Argon:iC 4 H 10 (90:10) have been performed. The second one has been chosen to obtain an higher electrical stability, higher number of primary electron and a suitable diffusion properties for the optimization of the reconstruction algorithms: the charge centroid and the micro-Time Projection Chamber (µTPC). The gap between the cathode and the first GEM is a parameter that influences the charge collection: a 5 mm conversion gap has been chosen to reach good performance with angled tracks. The gain is set by the voltage applied between the GEM faces and at about a gain of 6000 the detector reaches the efficiency plateau of 97% on the two views. As the gain increases, the signal charge and the number of fired strips increase. To reconstruct the position, the charge and the time measured by each strip are used. The charge centroid calculates the weighted average position of the strips with their charge. Its best performance is achieved when the cluster size is greater than two, without magnetic field and for orthogonal incident tracks. In this case the resolution obtained with this method is stable as the cluster size increases since the collected charge distribution has a Gaussian shape. The time based algorithm, the µTPC, improves the detector resolution in presence of magnetic field and non-perpendicular tracks. Using the drift velocity from Garfield simulation it is possible to assign to each fired strip a bi-dimensional point. Once the working point is reached and the detector is efficient, measurements of its performance as a function of the incident angle and the magnetic field are proposed to clarify the behavior of the detector. It is important to separate the signal formation in two steps: the former where the primary electrons are generated and reach the first GEM foil, the latter where each electron is amplified three times and a Gaussian charge distribution is collected on the anode per each primary electron. the results as a function of the incident angle in absence of magnetic field show the CC provides a resolution better than 100 µm at 0 o (see Fig. 1 left) . As the incident angle increases the charge distribution charges from a Gaussian shape to a box shape at large angle and this degrades the CC resolution. Conversely, as the incident angle increases, the µTPC improves because the number of fired strips increases. It is important to evidence that the two reconstruction algorithms are anti-correlated and one gives its best performance when the other is inefficient. A similar behavior of the performances is measured as a function of the magnetic field (Fig. 1 right) . Here the Lorentz force drifts the electrons and enlarges the charge distribution at the anode. The Lorentz angle is the angle within the track path and the avalanche direction. Without magnetic field the CC has a resolution better than 100 µm but as the magnetic field increases, the Lorentz angle increased too and the efficient algorithm becames the µTPC. The final measurement proposed to characterize a µTPC it is the performance measurement as a function of the incident angle at 1 T (Fig. 2 left) . Here the combination of the track angle and the Lorentz angle creates a pattern at the anode that can be described with two configurations: focusing and defocussing. If there is focusing effect, the incident angle coincides with the Lorentz angle, the avalanche distribution is Gaussian and the CC gives it best performance. The Lorentz angle of these setting is 26 o . As the incident angle moves away from the Lorentz angle the CC degrades and the µTPC achieves its best performance. A combination of the two methods should keep the resolution stable around 130 µm in the full range of the incident angles.
CGEM Characterization and Results
A large area triple-GEM with cylindrical shape has been built in the Ferrara and Frascati INFN workshops and in order to validate the construction it has been tested in a test beam at CERN. The built CGEM has a radius of 20 cm and a length of 80 cm and the first two challenge to achieve its operability are the gas sealing and the electrical stability. A study of the collected charge as a function of the mean cluster size has been performed for different values of gain. Using orthogonal tracks and no magnetic field the CGEM shows the same linearity of the planar GEM (Fig. 2 right) . This is a clear indication that the behavior of the electron avalanche inside the detectors is the same and the ratio between the charge and the number of the fired strip in the CGEM is compatible with the planar one. This grants the applicability of the reconstruction algorithms developed for the planar chambers also to the cylindrical GEM. A spatial resolution of 110 µm has been measured with the CC. The µTPC algorithm needs angled tracks or magnetic field to be tested. This study will be performed in the next test beam. 4 References
